Chemical and mineral composition and the intramuscular fatty acid (IMF) profile of the Longissimus dorsi muscle (LM) of 60 purebred Hereford, 1/4 Braford and 3/8 Braford steers finished either in a feedlot or on improved pastures of the Pampa biome were evaluated. Pastures were improved with the introduction of Lolium multiflorum, Trifolium repens, and Lotus corniculatus. On average, beef from pasture-fed steers presented higher concentrations of the fatty acids C18:3n − 3 (P b 0.001), C20:3n − 3 (P = 0.035), total n − 3 (P b 0.001) and lower n − 6/ n − 3 ratio (P b 0.001) in the IMF, and higher Mg and lower K content in muscle relative to those finished in the feedlot. C12:0 concentration in IMF was higher (P = 0.027) for 3/8 Braford than the purebred Hereford steers, whereas purebred Herefords presented lower C14:1 (P = 0.003) and higher C18:0 (P = 0.022) concentrations than the two Braford groups. The meat composition of purebred Hereford and Braford steers was not substantially different; however, beef produced exclusively on improved pastures presented higher concentration of components that are considered beneficial to human health, such as n − 3 fatty acids, and a lower n − 6/n − 3 ratio.
Introduction
Beef cattle are produced mostly on natural or improved pastures in the State of Rio Grande do Sul. The southern region with subtropical climate, the Pampa biome, one of the six Brazilian biomes, accounts for 63% of the surface of the state of Rio Grande do Sul (IBGE, 2004) , extending to Argentina and Uruguay. The pastures of this biome are rich natural diversity, with about 450 grass species and more than 150 legume species (Boldrini, 1997) , and summer species present higher productivity compared with winter species. This is the essential forage base of beef, lamb, and horse production in the region. Due to the limited quantity and quality of forage species during autumn and winter months, i.e., between April and September (Ferreira et al., 2011) , winter-spring species, such as Lolium multiflorum Lam., Trifolium repens L. and Lotus corniculatus L. have been introduced to improve natural pastures. These improved pastures have been established since the 1970s, and have allowed reducing market age of steers and age at first breeding of heifers, introducing the commonly called "two-year beef production system" (Rocha & Lobato, 2002) . In this system, mature cows typically graze only native pastures (Fagundes, Lobato, & Schenkel, 2004; Lobato, 2009; Lobato, Menegaz, & Pereira, 2010) . Farmers that mastered this management system have more recently intensified using supplements on grazing (Pötter, Lobato, & Mielitz Netto, 2000) or introducing feedlots for a short finishing period (Pacheco et al., 2005) .
In Brazil, beef animals are reared on pastures, and a majority finished on pastures. Feedlot numbers largely vary according to price of grain. According to IBGE (Brazilian Institute of Geography and Statistics), in 2011, the Brazilian beef herd comprised 215.2 million animals. That year, 41.4 million were slaughtered, out of which 3.1 million were finished in feedlots, as reported by the Brazilian Association of Feedlot Producers. This accounted for 7.5% of all slaughtered cattle. Large feedlots usually belong to large packing companies, aiming at more uniform and better dressed carcasses, controlling market prices, and complying with trade agreements.
Effects of nutritional management on the fatty-acid profile of intramuscular fat of meat-producing animals have been extensively studied (Alfaia et al., 2009; Duckett, Neel, Fontenot, & Clapham, 2009; Freitas, 2010; Leheska et al., 2008; Pordomingo, García, & Volpi Lagreca, 2012; Scerra et al., 2011) . Clinical studies on humans comparing ingestion of fresh with processed red meat have shown that the latter is associated to high incidence of ischemic heart disease and diabetes (Micha, Wallace, & Mozaffarian, 2010) .
The present study explored the chemical and mineral composition, cholesterol content, and fatty acid profile of the IMF of the Longissimus dorsi muscle (LM) of purebred Hereford and Braford steers with two different breed compositions, finished either in a feedlot or on pastures in southern Brazil. Herefords are produced only in the State of Rio Grande do Sul, whereas the synthetic breed Braford, which derive from a cross between Hereford and Nelore, make an important part of the beef cattle herd of that State and has recently expanded to other regions of Brazil. This is a section of a larger study on the influence of the consumption of lean beef, produced under the aforementioned Meat Science 96 (2014) 353-360 systems, on the lipid profile of healthy human individuals (Vieira et al., 2012) .
Materials and methods
The study was approved by the Committee of Ethics on Animal Use CEUA/UFRGS, in compliance with Brazilian Act n. 11.794/08.
Experimental design, animals and diets
Steers were reared and finished at Guatambu ranch, located in the municipality of Dom Pedrito, State of Rio Grande do Sul, Brazil. Its geographic location is 30°55′ S, 54°46′ W and 149 m altitude. The climate is Koppen's class Cfa 2 (Moreno, 1961) : mesothermal, subtropical, with thermal amplitude ranging from an average temperature of 18.2°C during hot and dry summers and 3-8°C during cold and humid winters. Air relative humidity ranges between 75 and 85%. Average annual precipitation is 1376 mm, but its distribution is uneven, with excessive rainfall in autumn-winter and dry periods during the summer. Soils are classified as Vertic Orthic Haplic Chernozem (Streck et al., 2002) . Natural vegetation consists predominantly of grasses, particularly of summer species, such as Paspalum notatum, P. dilatatum and Coelorachis selloana. The most representative grass winter species are Stipa setigera, S. hyalina, Piptochaetium bicolor and P. stipoides, as well as the legumes Trifolium polymorphum and Adesmia bicolor.
The steers used in the present study had an average age of 22 months at beginning of the experimental period, were contemporary, and had been submitted to the same management on natural pastures of the Pampa biome (IBGE, 2004) .
Sixty steers were distributed according to finishing systems and genetic group. The feedlot group included five purebred Herefords, eight 1/4 Brafords (1/4 Nelore, 3/4 Hereford), and 17 3/8 Brafords (3/8 Nelore, 5/8 Hereford). The group finished on natural improved pastures included nine purebred Herefords, nine 1/4 Brafords and 12 3/8 Brafords. In the feedlot, steers were fed a diet with roughage to concentrate ratio of 37:63 (on dry matter basis) for 68 days. Roughage consisted of whole corn silage, and the concentrate ration was comprised by sorghum grain (81%), soybean meal (13.3%), protein concentrate (5%, Supra Bovinos Concentrado 32®, with 12.5% moisture, 32% crude protein, 1.5% ether extract, 15% crude fiber, 17% ash, 40 g calcium, and 10 g phosphorus), calcitic limestone (0.7%), and an ionophore (20 g). Water and feed were offered ad libitum, and feed allowance was adjusted when ever needed. The steers finished on pastures were managed for 125 days of continuous grazing on natural pasture improved with the introduction of winter-spring species (Lolium multiflorum Lam., Trifolium repens L. cv. Yi and Lotus corniculatus L. cv. São Gabriel). Steers were slaughtered when the average back fat thickness was higher than 3 mm, as determined in vivo by ultrasound.
After slaughter, at the packing plant, carcasses were identified and chilled at 1°C for 24 h. The hind quarters were deboned for the removal of the muscles LM, which were sliced between the 12th and 13th rib, individually vacuum-packed, and stored at −30°C until further analysis.
Feed analysis
Feed samples were analyzed for neutral detergent fiber (Van Soest, Robertson, & Lewis, 1991) , crude protein (AOAC, 1984) . Lipids were extracted with a mixture of chloroform and methanol, according to Bligh and Dyer (1959) and modifications described by Jensen (2008) , using hydrochloric acid to increase the efficiency of total lipid and fatty acid extraction, the so-called method of "HCl-Bligh and Dyer". The obtained methyl esters were analyzed in a gas chromatograph.
Meat chemical composition and fatty acid determination
Meat samples were thawed, ground, and analyzed in triplicate. Moisture was determined by drying the samples in an oven at 105°C until constant weight was obtained (Pregnolatto, 1985) . Ash content was determined by burning the samples in a muffle at 600°C. Crude protein content was determined using the semi-micro-Kjeldahl method (AOAC, 1984) .
Total lipids in LM were determined using the method of Bligh and Dyer (1959) , from 4 g of sample. Fatty acids were determined according to the protocols of Hartman and Lago (1973) . Fat was saponified in a solution of potassium hydroxide in methanol at 0.4 M and then methylated with sulfuric acid at 1 M in methanol. Phases were separated in n-hexane. Extracts where then analyzed in a gas chromatograph (Agilent, model HP6890), equipped with a flame-ionization detector (FID) and a capillary column (Supelco SP2560), measuring 100 m × 0.25 mm × 0.2 μm. Injector and detector temperatures were maintained at 250°C and 280°C, respectively. The column was heated at 35°C for 2 min, and then increasing 10°C/min until 140°C, where it was maintained for 5 min. It was increased again 1.6°C/min until 210°C, where it was maintained for 10 min and again increased 10°C/min until 240°C, where it was maintained for further 15 min. The flow of carrier gas (H 2 ) was 0.9 mL/min. Injection volume (split mode) was 1 μL with a split ratio of 1:50. Fatty acids were identified by comparing retention times with reference standards (47885-U Supelco® 37 Component FAME Mix). Conjugated linolenic acid (CLA) was determined using a standard consisting of a mixture of cis-and trans-9,11-and -10,12-octadecadienoic acid methyl esters (O5632 Sigma). Retention times and areas were automatically recorded using the software program GC Solution. Results were expressed as a percentage of the total peak areas of the identified fatty acids.
Cholesterol quantification
Cholesterol concentration was determined using an enzymatic method Saldanha, Mazalli, and Bragagnolo (2004) from a commercial kit (Colesterol PP -Analisa®). Total lipids were extracted with chloroform:methanol (2:1), according to Folch, Lees, and Stanley (1957) . Samples (approximately 2 g) were directly saponified by adding 4 mL KOH water solution at 50% and 6 mL ethylic alcohol and placed in water bath with agitation at 40°C until samples were completely solubilized, after which they remained in water bath for 10 min at 60°C. Five mL distilled water was then added, and samples were allowed to cool to room temperature. After samples were cold, 10 mL hexane was added, and samples were vortexed. When phases were separated, 3 mL of the hexane extract was placed in another flask and dried in N 2 , after which 0.5 mL isopropanol was added and the flask was vortexed until complete solubilization. The enzymatic reagent (3 mL) was then added to the samples that were then placed in water bath for 10 min at 37°C. After 90 min, absorbance was read and compared to a blank sample at 499 nm (Saldanha et al., 2004) . The calibration curve was built based on a standard cholesterol solution (1.006 mg/ 100 mL), with concentrations ranging between 0.01 and 0.05 mg/mL.
Mineral analysis
Meat samples were previously digested by heating in TFM-PTFE pressurized tubes in microwave (20 bar max. pressure and 200°C) in the presence of high-purity concentrated nitric acid. The concentrations of minerals were determined in duplicate using inductively-coupled plasma atomic emission spectroscopy (ICP-AES) and flame atomic absorption spectrometry (FAAS) according to (Maurer, 1977) . Procedure accuracy was determined using a certified reference material Bovine muscle powder -NIST 8414 (Ihnat, 1994 ).
Statistical analysis
A completely randomized experimental design in a 2 × 3 factorial arrangement (two finishing systems vs. three genetic groups), with different number of replicates, was applied. The statistical model included the effect of the interaction and the experimental error.
Data were investigated for the presence of outliers using the studentized residue, tested for normality by the test of ShapiroWilk and variance homogeneity by the test of Levene. The obtained data were then submitted to one-way analysis of variance (PROC MIXED -General Linear Mixed Models), and means were adjusted (LSMEANS -Least Square Means) and compared by the t-test at 5% significance level. All statistical analyses were carried out using Statistical Analysis System -SAS® (SAS, 2002) software package.
Results and discussion
Average weight of the feedlot and pasture-fed steers at the end of the finishing period were 472.2 and 455.9 kg, respectively (P N 0.05) ( Table 1 ).
The composition of the improved pasture used had lower dry matter (Blankson et al., 2000) content and higher protein concentration relative to the silage and concentrate fed to feedlot steers ( Table 2 ). As to fatty acid composition, the concentrate and the pasture contained higher C16:0 (palmitic acid) and C18:0 (stearic acid) concentrations than the silage. The concentrations of mono-unsaturated fatty acids (MUFA), represented by oleic acid (C18:1n − 9), were higher in the concentrate and silage than in the pasture. However, total poly-unsaturated fatty acid (PUFA) percentages (C18:2n − 6 linoleic and C18:3n − 3 α-linolenic acid) were very similar between corn silage and pasture (52.5%), with the pasture being richer in C18:3n − 3 and silage in C18:2n − 6.
As there was no significant interaction (P N 0.05) between the factors finishing system and genetic group for the parameters presented in Tables 3 to 5, the effects of these factors will be separately discussed.
There were no significant differences (P N 0.05) in the chemical composition of the muscle between finishing systems and genetic groups ( Table 3 ). The average fat content of 3.7% in the meat of steers managed under both finishing systems (P = 0.764) in the present study is considered low, consistent with the results of French et al. (2000) , who found similar lipid content in the LM (4.1%, in average) when including grasses in the diet of steers for 85 days. On the other hand, Realini, Duckett, Brito, Dalla Rizza, and De Mattos (2004) working with Hereford steers finished on winter pastures with similar composition as the present study and slaughtered at carcass weights consistent with the present study, reported that feedlot steers presented the double of intramuscular fat compared with those finished grazing on pastures (3.18 vs. 1.68%, during 100 and 130 days of finishing, respectively). Yang, Lanari, Brewster, and Tume (2002) also reported higher meat fat content in feedlot-finished cattle compared with those finished on pastures (3.63 vs. 1.71%, respectively), using crossbred Hereford steers and a finishing period of 132 days; however, there were large differences in carcass weight between the two groups (272 kg vs. 185 kg, respectively). The differences obtained by Realini et al. (2004) relative to the present study are likely due to the higher corn level in the feedlot diet (50% of corn silage + 18% corn grain in the concentrate) compared with 37% of corn silage, respectively. In this study, the feed energy level, together with the short feedlot period (68 days), was not sufficient to allow higher intramuscular fat deposition. Nuernberg et al. (2005) and Rossato et al. (2009) Average cholesterol concentration was 48.0 mg/100 g of fresh tissue (Table 3) . Pordomingo et al. (2012) verified that the cholesterol present in the cell membrane LM of Angus heifers in the Argentinean Pampas was not affected by lipid concentration in the meat (b3.26%) or by the evaluated treatments, which included housing in feedlot before a 132-day finishing period on pasture (46.5 mg cholesterol/100 g meat) vs. finishing only on pastures (45.8 mg/100 g muscle), which is in agreement with the present study. Higher content was obtained by Leheska et al. (2008) , who did not find any effect of feeding system (feedlot or grazing) on meat cholesterol. However, lower and also not significant values were obtained by Moreira et al. (2003) : 35.16 mg in purebred B. indicus and 39.64 mg/100 g meat in Bos indicus × Bos taurus crossbred steers. Costa et al. (2002) evaluated the effect of slaughter weights between 340 and 433.6 kg on the concentration of cholesterol in the meat of Red Angus steers, and determined 43.07 mg cholesterol/100 g muscle, in average. In addition, the authors found a positive and significant correlation between ether extract and meat cholesterol content (r = 0.95; P = 0.0001), indicating that these parameters are highly Table 1 Characteristics of the slaughtered animals (mean ± s.e.). associated. According to Lehninger, Nelson, and Cox (2000) , half of the cholesterol in the human body is derived from food, and the other half, from endogenous production.
No effect was detected for finishing systems on the meat concentrations in IMF of the main saturated fatty acids C14:0 (myristic acid; P = 0.848), C16:0 (P = 0.288) or C18:0 (P = 0.340) ( Table 4) . Despite the absence of any effect of finishing system in the present study, meat contained, in average, 10% PUFA, 44% MUFA, and 46% SFA. Consistent results were found by Realini et al. (2004) , Rule, Broughton, Shellito, and Maiorano (2002) and Varela et al. (2004) , but the MUFA and PUFA concentrations obtained here were higher than those obtained by French et al. (2000) and Padre et al. (2006) . The PUFA and MUFA fractions are generally considered beneficial to human health (Scollan et al., 2006) .
There was a significant effect of finishing system on the concentrations of n − 3 PUFA, i.e., C18:3n − 3 (P b 0.001) and C20:3n − 3 (P = 0.035), resulting in a greater total ratio of n − 3 fatty acids (P b 0.001), with higher values for pasture-fed than feedlot steers (Table 4 ). Other studies (French et al., 2000; Nuernberg et al., 2005; Pordomingo et al., 2012; Realini et al., 2004; Yang et al., 2002 ) also reported higher C18:3n − 3 and C20:3n − 3 concentrations (French et al., 2000) in the IMF of the LM of grazing steers compared with those fed concentrate rations. Alfaia et al. (2009) explained these results by the higher protection from bio-hydrogenation of fatty acids in fresh pastures in the rumen, relative to grains and silage. There is consensus among researchers cited that the higher PUFA C18:3 content in pastures accounts for the deposition of C18:3n − 3 in the meat, and, in the present study, the meat from pasture-finished steers had 2.2 times more α-linolenic acid than those finished in the feedlot. Although a large part of that fatty acid is hydrogenated in the rumen to stearic acid, a proportion escapes ruminal fermentation and is absorbed at the small intestine (Sañudo et al., 2000) . Concentrate-based diets have higher PUFA n − 6 content (Alfaia et al., 2009; French et al., 2000; Nuernberg et al., 2005) . However, in the present study, no differences in C18:2n − 6 concentration in the meat of steers finished in feedlot or on pastures were determined (5.12%, in average; P = 0.119). French et al. (2000) observed lower linoleic acid content (2.41%, in average), whereas the average values obtained by Nuernberg et al. (2005) were very close to data of the present study (5.05%).
On average, the meat from steers finished on pasture had a better omega-6 to omega-3 ratio (n − 6/n − 3) (P b 0.001) relative to the average of steers finished in feedlot (3.6 vs. 5.8, respectively) ( Table 4) . French et al. (2000) reported lower values, ranging from 4.15 when concentrate was fed (8 kg concentrate per kg of hay) to 2.33 in the meat of steers fed only ryegrass. Nuernberg et al. (2005) observed higher ratios in the meat of Simmental bulls finished in feedlot. The fatty acids belonging to n − 6 and n − 3 families are essential because they are not synthesized by humans (Yehuda, Rabinovitz, Carasso, & Mostofsky, 2002) . However, by the action of enzymes involved in the reactions of desaturation and chain elongation, α-linolenic acid may be converted into eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) (Emken, Adlof, & Gulley, 1994) . The review of Martin et al. (2006) highlighted the importance of daily consumption of foods with high n − 3 for humans. Health bodies from many countries have established recommendations relative to the daily ingestion of sources of n − 6 and n − 3 fatty acids, ranging between 4:1 (Department of Health, 1994) and 5:1 (Simopoulos, Leaf, & Salem, 1999) . Daily ingestion of fatty acids in Western countries most commonly ranges between 10:1 and 20:1 for n − 6/n − 3 ratio (Simopoulos, 2004) . Hu (2001) reported that the balance between Table 3 Chemical composition of the muscle Longissimus dorsi of steers according to finishing system and genetic group, in 100 g of fresh tissue (mean ± s.e.). 
Table 4
Fatty-acid profile of the intramuscular fat of the muscle Longissimus dorsi of steers finished in a feedlot or on pasture, in g/100 g of identified FAME (mean ± s.e.). C18:1t11; C18:1n − 9c; C20:1; C24:1). e PUFA = polyunsaturated fatty acids: Σ(C18:2n − 6t; C18:2n − 6; C18:3n − 6; C18:3n − 3; C18:2c9t11; C18:2t10c12; C20:3n − 6; C20:3n − 3; C20:4n − 6; C20:5n − 3; C22:6n − 3). f Σ(C18:2n − 6t; C18:2n − 6; C18:3n − 6; C20:3n − 6; C20:4n − 6). g Σ(C18:3n − 3; C20:3n − 3; C20:5n − 3; C22:6n − 3); All fatty acids were identified in the profile were used in the total sums, but are not necessarily shown in the table.
⁎ Interaction between finishing system and genetic group was not significant; P values for the effect tested (finishing system). these two families of fatty acids is relevant to the severity of coronary heart disease.
The fatty acid n-6 CLA is naturally found in small amounts in ruminant products and has been pointed out as beneficial to human health (Blankson et al., 2000; Field, Blewett, Proctor, & Vine, 2009; Pariza, Park, & Cook, 2001 ). The finishing system in the scope of this study did not affect CLA C18:2cis-9 trans-11 (P = 0.565) e C18:2trans-10 cis-12 (P = 0.401) meat concentration in IMF (Table 4) . The results differ from findings of French et al. (2000) , who observed that a decreasing concentrate level in the diet resulted in a linear increase in intramuscular CLA. On the other hand, Dannenberger et al. (2005) , studying the effects of pasture vs. concentrate feeding on the distribution of CLA isomers in the muscles Longissimus and Semitendinosus, liver, heart, and subcutaneous fat of bulls, did not find any influence of feeding system on C18:2cis-9 trans-11 content in the LM IMF or in the subcutaneous fat. Scerra et al. (2011) and Medeiros (2008) , evaluated the effects of concentrate feeding on the fatty acid composition of the meat of lambs and steers, respectively, observed that short finishing periods feeding concentrate (Scerra et al., 2011) or small amounts of supplementation on an Avena strigosa Schreb. and Lolium multiflorum Lam. pasture (Medeiros, 2008) do not entirely remove the profiles of pasture feeding, whereas longer periods of concentrate feeding seem to change the profile generated on pasture-feeding, as well as high supplementation levels. Possibly, the period of 68 days in feedlot in the present study was not sufficient to elicit more significant changes in fatty acid composition and ratios in the meat of steers.
Regarding the genetic groups, 3/8 Braford steers had higher proportion of C12:0 (lauric acid) in the IMF than purebred Herefords (P = 0.027), whereas 1/4 Braford values were intermediate and similar to the other groups (Table 5 ). The fatty acid C12:0 is positively correlated with higher cholesterol (LDL) blood levels (Baghurst, 2004) . However, as mentioned by Sexten et al. (2012) , this SFA represents less than 1% of total fatty acids in beef, and therefore, the 0.02% difference detected in the present study does not seem of biological consequence. Metz et al. (2009) also verified a higher proportion (0.12%) of lauric acid in steers with a higher content of Nelore blood (3/4 Nelore, 1/ 4 Charolais), followed by 3/8 Nelore (0.08%), which were different from those with a higher proportion of Charolais blood (5/8 and 3/4 Charolais, with an average of 0.05%).
Content of C18:0 was higher (P = 0.022) in IMF of purebred Hereford steers than in Brafords (17.93 vs. 16.43%) ( Table 5 ). These results are lower than the observed by Freitas (2010) , of 22.86 vs. 19.35%, respectively, for purebred Angus vs. Angus × Nelore crossbreds grazing on natural pastures. On the other hand, Padre et al. (2007) and Rossato et al. (2010) did not detect any effect of genetic group on the meat concentration of C18:0, either in steers finished on pastures. No effect was detected for genetic groups on the concentrations in IMF of the C14:0 (P = 0.449) and C16:0 (P = 0.704). In a decreasing order, the predominant SFA in beef were C16:0, C18:0 and C14:0. In the present study, C18:0 represented more than a third of the SFA. According to Williamson, Foster, Stanner, and Buttriss (2005) , C14:0 has more effect on blood cholesterol levels than C16:0. Yu, Derr, Etherton, and KrisEtherton (1995) reported that the action of C18:0 was neutral to LDL-cholesterol concentrations.
The amount of C14:1 (myristoleic) was the only mono-unsaturated fatty acid that was affected (P = 0.003) by genetic group (Table 5) , with higher content in Brafords, compared with purebred Herefords. Rossato et al. (2010) detected higher myristoleic acid values in the meat of Nelore steers compared with Angus under grazing conditions. The C18:1n − 9 acid represents 83% of the MUFA, and was not affected by the evaluated treatments (P = 0.599; P = 0.646). The effect of breed on fatty acid composition seems to be limited to differences in SFA and MUFA concentrations (Sexten et al., 2012) . Metz et al. (2009) reported that medium-chain fatty acids (between C12 and C16) and long-chain fatty acids (between C17 and C24), in general (91.7% and 96.8%, respectively), were not affected (P N 0.05) by genetic group. In the present study, approximately 90.6% of the identified fatty acids were not affected by genetic group. On the other hand, Freitas (2010) , studying different natural pasture conditions in the Pampa biome, verified differences among the evaluated genotypes. Crossbred Angus steers presented higher concentrations of C18:2n − 6, C18:3n − 6, C18:3n − 3, C20:1, C22:6n -3, C24:0, PUFA, and total n − 6 and n − 3 fatty acids in IMF than purebred Angus grazing on improved pastures. Crossbreds also presented higher C18:2n − 6, C18:3n − 3 and total n − 3 fatty acids than purebreds when reared and finished on natural pasture.
This study emphasized the effect of nutrition and genetic group on the composition of intramuscular fatty acids because, according to Raes, De Smet, and Demeyer (2004) , IMF is part of the fat and cannot be removed before human consumption. The cited authors added that muscle phospholipid content is relatively constant, and suffers little influence of species, breed, nutrition, or age. However, the increase in muscle fat deposition is due to increasing triglyceride content between the muscle fibers. Whereas phospholipids that comprise IMF, i.e., are more unsaturated, triglycerides are mostly saturated and more stable (Doreau, Bauchart, & Chilliard, 2010) .
Considering the higher n − 3 and CLA content of the beef produced by grass-finished steers compared with those finished on grains, C18:1t11; C18:1n − 9c; C20:1; C24:1). 5 PUFA = polyunsaturated fatty acids: Σ(C18:2n − 6t; C18:2n − 6; C18:3n − 6; C18:3n − 3; C18:2c9t11; C18:2t10c12; C20:3n − 6; C20:3n − 3; C20:4n − 6; C20:5n − 3; C22:6n − 3); 6 Σ(C18:2n − 6t; C18:2n − 6; C18:3n − 6; C20:3n − 6; C20:4n − 6). 6 Σ(C18:3n − 3; C20:3n − 3; C20:5n − 3; C22:6n − 3). ⁎ Interaction between finishing system and genetic group was not significant; P values for the effect tested (genetic group).
researchers (MacRae, O'Reilly, & Morgan, 2005) and consumers (Leheska et al., 2008) from Europe and USA value and seek grass-fed beef. However, contents supplied in average meals are not sufficient to meet human requirements.
Steers finished on pasture had higher Mg (P b 0.001) and lower K (P = 0.001) content, compared with steers finished in feedlot (Table 6 ). Iron content was higher for 1/4 Brafords than for purebred Herefords and 3/8 Brafords (P = 0.007). There was an interaction between finishing system and genetic group (P = 0.002) for Zn content, with greater values obtained in the meat of purebred Herefords and 1/4 Brafords than in steers with a higher proportion of zebu blood (37.5%-3/8 Braford) finished on pasture. The steers of the three genetic groups presented intermediate values when finished in feedlot. Sodium content was not influenced by the evaluated treatments and presented an average of 49.90 mg/100 g of fresh LM.
Beef is recognized as an important source of protein and Fe, as well as Zn and Se (DGAC, 2010). According to Duckett et al. (2009) , the variation in the results is in part due to the wide variety of genetic groups, forage types, and management practices used in the different regions, affecting the mineral composition of the beef of cattle grazing on pastures. Trace mineral content of beef is linked to trace mineral intake and in grazing animals is largely determined by the concentrations of minerals in the soil (Leheska et al., 2008) . Consumption of beef in European and other developed countries is lower than recommendations, which may be of concern as some nutrients in beef are more bioavailable than in other foods (Williamson et al., 2005) . When comparing grain-fed with pasture-fed steers, Williams et al. (1983) found that the higher ash content in the meat of forage-fed steers was due to higher Zn, P, Mg, and K content. Moreover, the authors reported negative correlations between some minerals (Zn, Fe, P, Na, and K) and meat fat content, suggesting that the higher mineral concentrations in grass-feed meat may be attributed to leaner beef compared to grain finished. The concentrations of minerals obtained in the present study are consistent with data from (Duckett et al., 2009; Leheska et al., 2008) , but the differences between the highest and the lowest values (Mg: 2.88 μg, K: 6.08 mg, Fe: 0.25 mg, and Zn: 0.93 mg) were minor and likely no practical consequences. Duckett, Wagner, Yates, Dolezal, and May (1993) observed a cubic increase in the concentrations of Mg and K, and a linear increase in Fe concentration in the meat of crossbred Angus and Hereford steers as feedlot feeding time increased. This is consistent with the results of Leheska et al. (2008) , who compared ground beef and loin steak, and found that ground beef of pasture-fed cattle presented less Mg, P and K, and more Na and Zn than the steak. It is assumed that these differences in mineral content are due to differences in the fat content between ground beef and steak (4.4 vs. 2.8%, respectively).
Conclusions
The results showed that the meat of steers reared and finished in the south of Brazil, and slaughtered at two years of age, is lean and contains high PUFA and MUFA compared to grain fed. The genetic group had little influence on meat lipid composition. Feeding steers for a short time, at moderate intake and low energy levels in a feedlot would not negatively affect meat lipid composition. The meat derived from steers reared and finished on pastures had higher concentrations of n − 3 fatty acids, resulting in lower n − 6/n − 3 ratio, than concentrate finished ones. ⁎ P values for each effect tested (finishing system and genetic group) and P values of the interactions between finishing system and genetic group.
